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(54) Title: FILM BULK ACOUSTIC RESONATOR 
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(57) Abstract: A film bulk acoustic resonator comprises a substrate (12) of a single silicon crystal, a base film (13) formed on the 

substrate (12) and composed of a dielectric film mainly containing silicon oxide, and a piezoelectric multilayer structure (1 4) formed 
CD on the base film (13). A vibratory section (21) composed of a part of the base film (13) and a part of the piezoelectric multilayer 

structure (14). The piezoelectric multilayer structure (14) includes a lower electrode (15), a piezoelectric film (16), and an upper 
^ electrode (17) in this order from below. The substrate (12) has a via hole in the region corresponding to the vibratory section (21). 
Q\ The via hole forms a space for allowing vibration of the vibratory section (2 1 ). The piezoelectric film ( 16) is an aluminum nitride thin 
O film containing 0.2 to 3.0 atom% of alkaline earth metal and/or a rare earth metal. Thus, the film bulk acoustic resonator has a large 
fs| electromechanical coupling coefficient, an excellent acoustic quality factor (Q), an excellent frequency-temperature characteristic, 

high characteristics, and a high performance. 
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1 8 



^i, xzmtftmz ct o mm b tz (0002) ®©i§»ftr-^<Dny# 

^-^fiHI® (FWHM) fcfc3. 0° KTt^^. n^V^- 

^-y^mui (fwhm) #3. o° *mxzt. mM^IM^^k* 2 

5 ^iffl (FWHM) #iimii:;*:£<fc£^ TfflWm^^i 5h£±m 

0. 4 9 78~0. 49 9 3nmf^Ci:«tK C$&g#0. 4 
9 78 <fcD/h£<Tfc, 0. 499 3nmJ;!)^<Tfe, mfM$c*S£r 

io mb± sikif^mm&nmi (am) *%Tb. ±t^i4A^ki-^^fS] 

Kl&£o £tz. V s ^ 77^ h^-^^iCJ: 9$J^b/c: (0 0 0 2) ®OX 
^UtJttf— ^<D2 0[5]^<D^jiil{iI (FWHM) &0. 6° OTffe^C: 
bt/^ 2 6[H]^CD^fiIi|iI (FWHM) #0. 6° *mZ-2>£. 

wo, mm^^^k.^c/^Wp^s^ (am) wu, ±t 

20 ^mmmnxit. r^mmi 5itfcB£tzi l ±znizT&^Mtt**\;X& 
<o. ±mmmi 7 a, mi<Dmm^i 7 At^2<Dmm^i 7 b 

Ctl61ISfl7A, 1 7B&^ave*n£#g|51 7 Aa, 1 7 B a £ 
1 7 A b , 17Bbtm^). ±Ml7Aa, 1 7 B a fctigUj 
g|5 2 1 tC^1-^M^iCfe©bT^9x Srr?^ 1 7 A b , 17Bbfcfc^ 

25 m^2 l (c^Et b T . 

*nifg^M-ct±> ±pism@i 7<d5*><d—u (mxnm2(o , mm^i 7 
b) tTzmmi 5 £<Dmiiz\jj'mFE*mnis. ±^mmi 7<d^^><d^ 
■n (mz-&mi (Dwm^i 7 a) tT^mmi s£(om<om&^:iht)m& 

30 ' $.tzs i:n§M7-f^-i:bTiffltl)ci:*sft§o d © «fc "5 
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5 . mz, ^mmomommMm^mm-r^c z<Dnm%mvi±. 

0 2te3F3ft*«ftflim**fb't45 9* fib. El*I16tt, AINt 
GaNi:©iift*feHA lNtl n N t <E>@?gft:a>£>ft *K ^0Dj?£& 
#lj;ttt*0. 3~3. 0»imT*5. fl6©i«5*l4> 111 1 RVm 2 iCM b 
ifcilBbfcfc©fcl^ir?fc*. £CD<fc?ftEES&lg£l 6®MMi:bt 

. fef, (0 00 1) ffilfilllitfcfc. HSSfc^frte (0 00 1) ®*«Ut 

^2>m*nm?&o mfomzn. ^^y^^h^-^mzx^xm^mm 
m^n-^tzm^iz. -^ai,., Ga x n giu o< x <n xmz 

20 tl&A 1 N tG aN £<Dm?gfo<DlfeMi£tzl±— ^Al i- y I n y N ({I 
b. 0<y<l) XmZtl&AlNtI nN£<Dm*&fo<Dffi^zmmijtz 
g m £ T £ IS#r®£W©&S<t fcf— ^ £ A, iftftfcH T* S ^ fe oo ^m^t 
flJAtf, (0 0 0L) @2fS]Mx SP-^ Cttm— SftSttt* 0-2 
e@<te©XHlHlSfa!J^T (0 0 0 L) ®£W©KI*3££* S (OOOL)I 

25 Sftf©«^e-^3iS©5 96*?«, £?£b<&2%*?ji§. 3£tejfr*b< 
tt«tBRB^T©fc©T**- £43 (0OOL) ®ttv (00 0 1) 

<Dm. ip*> (oooD®, (0002) s&tf (0004) m%:£<Dm 
mtam*nw-rzm^x$>z>o 

30 mn&A i N^»ii©ffl^^SttJcif<z)J:^K:flc#r*©*>K:o^r« 
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2 0 

mvtzo *(Dm^ Al N^jft*>6fc*JE«ttflg*W?*FBAR<D 

a i N^mm<omm^mmmz^ <&&-rzzt*5Hh 

VtZo fiP*>. BEWfcmthXs — SSSCAl.-x G a x N (fib, 0< x 
5 All., In, N (lib, 0<y<l) T'^$n<5M{b7;i'$^^ Atl 

t6^fpJ±^-ti-^>/idt)tC^T'$>^„ C©14#6|nI±<Z>fc«>K:fcJ\ 0<x< 
0. 5, 0<y<0. 3X-&Z<D&1ft£V<. b < fet 0 . 03< 

10 x<0. 35, 0. 0 1<y<0. 15T*$^, 

M^oMo^wo^tt (iio) Kffij^^bx mmty-ntz (1 1 

15 O) S^lbt^S, XAy*-&*fct±38&&&fcJ:*>J&j£bfc 
S/C^^tS^coP t^AuO^SH (ill) 12|o]^^b. flg®£WK: 

(ill) ®«ir^§. Moea©«m£» utss) «o. 31 

4 7nmii, ( 1 1 0 ) SP^Uli 0 . 2 2 2 5 nmitOlt'^O, W 
SSSOlS^a (afcfag) fcfcO. 3 165nmf5gU ( 1 1 0 ) 
20 0. 2 2 3 8nmif(Dlfl,^, PtM B B B 0^i (af&g) J± 0 . 
3 9 2 3 nmit, ( 1 1 1 ) M±fc*tt* ( 1 1 0 ) @^Pgl± 0 . 2 7 
7 4nmft|&<Z)firc<fcD* AufiSOftfSS (affrg) 40 79 

nmil, (111) ®±Kl£tt£ (110) tSltgpgfcfcO. 2 8 8 4 nm 

tzitwmBiftzwm'&izit* ztizo&gkofe^mm (w*> (100) 
mmm) K&gb, wm&mmikvteTmgi (a sag) l UIO o tmm<D 

Al,- X Ga x N ({lb, 0<x<l) ^©^{^^a^fctt A 1 ,-, 
In, N (fib, 0<y<l) ^@«ft:^||CDaiftSLps. ^CD^S^CD 
30 ^XV»y^^r N 100* (L«,oo-Lpza ) /Lmioo [%] t^^A7 
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ttzteAu^fjit'om&tete. cn din w±fo&i&2> 

(iio) BMiwte&au nm&mm&v a 1 d ®±ic^^^> a 

1 0) ®P^PiL M1 »otHUlH©A 1 ,-x G a x N (fib, 0<x< 1 ) 
5 ^i*$ga*fct±A 1 ,- y I riy N (fib, 0 <y < 1 ) ^mmfclfeM*® 
(10-10) @P^PSLp Z1 ^CD^f^CD^ A^y 1 0 0 * ( L 

«ho-Lpz. ) /Lmi>o [%] A^pt— ^ — Tito fr/hiL^S^ 

©Mo^al^fcttW^Bi^^© (110) SlC^^^Jl^SB^J^ A 1 
G a x N (fib, 0<x<l) ^gl^^fgll^fcttAi ,- y I n y N (fi 

io b, o< y <i) mmfefo&gk® (ooo i) mz&v2>m?mmt<Dm 

&m±&£<0£k<%:^<DT^ M o^||£fcteW^||#£"£ A 1 i- x Ga x 
N (fib, 0<x<l) mmm^^tzJi±A 1 ,- y I n y N (fib, 
. 0 <y < 1 ) ZhMlfefolfc^hCDlfe^&CD^X-?*!?- 1 0 0 * (L„ioo- 
L P2a ) /Lm.oo [%] fcfcl. 0%\XTX'&2>Z. bl/^o ZLtl\zn 

15 bt, H'frlHfrl&^CD P t5gal*fct±Au^^ifO (111) ®tC^^ 
^M^lB^lJi: A 1 ,-x Gax N (fib, 0<x<l) 
A 1 i- y I n y N (fib, 0 <y < 1 ) Zkmmfct&BiO (000 1) W\Z 

43 z> m=P&m <DM^14t±it^ itt&#T- $> z tz PtfeiifcttAu 
miftAl ,-x Ga x N (fib, 0<x<l) &m®fo&Bi£tzl± 
20 Al,- y In,N (iU O<y<l)^lift|g|i:0^SO$X 
7>^100* (Lmuo-Lpz, ) /L«nott2. 6%mTT-&-5>£ 
fir * b^. MoSSS^WSgS^^<Z>i*:^ac^tS ; F»CM'r*t& : f-fi©5X 
7>yflOO* (L M ,oo- L PZa ) /Lmioo* 5 1 . 0%%MZ.Z>£. 
^(D^i^Ali., Ga x N (fib, 0<x<l) ^@^i*:*fctt 

25 . Ai,- y in y N (fib, o<y<D ^mm^t(D^=p^mm<^3: 

D, cne><DA 1 N - G aN^ifcttA 1 N - I n N^<DEEm^M©iH 

sK&gfc (at) *i/h^<^9, Ein^^ii? - bx 

30 m&TIZm? &&^-m<D 5. V =?■ 1 0 0 * (Lmuo-Lpzi ) /Luno 
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2 2 

#2. 6%*mX&t, £tlt><D±mifegk£A 1 >- x Ga, N (it, 

o<x< i ) mmmfo&tz&A i ,- y i n y n aau o< y < i) mm 

mW-t(D^m^mm<^ l 0. Ztl*><DA 1 N-GaN^£fcfci:A l N 

- 1 nN^m^mm<Dm^\^zf^mm<^Kf. zv&m. mm.® 
^ mm ? * ;u $ — t b r <D i m&&mt-? &Mfa k & <> 

A 1 i-x G a x N (§b, 0<x< 1 ) mS^^M*fc«A 1 
I n y N «IU 0<y<l) ^S^ft^fcfc cffiiefa^U X*g|a]#r 
J; 0 SOSlbfc (0 0 0 2) ®<E>le]#rtf— ^©d v *W • # — yaNB 
10 ipi (FWHM) (±3. 0° VXTX'$>2><D1>W £ b^o n-/^y^.^7— ^ 
(FWHM) **3. 0° SmMM^^k. 2 *MgT 

(FWHM) **i&gK:*g TWWBWPWl 5bfc±SU«fi|S« 

^Al NfcGaNtOii^fcttA 1 Nt I n N t ©H8rt*a>&fc 0 , 
^<DjP£&0lJ;Gf 0. 3 — 3. 0 /*m-C?**o flfeCDfll^SIRH:, 1213^^ 

^—(Stacked Thin Film Bulk A c o u s t i 
c Resonators and Fi 1 tersifcliStacke 
d Thin Film Bulk Acoustic Wave Re 
sona-tors and Filters) t'l>5. fi|3*>, 1 

30 3 ±fcTSP«® i5,ii <Di±n&m i6-i, FTOmn 1 7 ■ , n 2 <d 
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Elftll 6 - 22fctf±8|5S&l 8#C<DJliCi»Ji^J&;5*lTtA*o P^BB 
• mm 1 7 ' fcl\ ag 1 ©EESifcflg 16-1 <5±SBH£ bT<£>g£t£fc 
^2CDJE«^1 6-2iC^lT£T^mi£bT©af££&WT<5o f 1 
©Ell^m 16-1 &tf||t2 CDJEH^ 1 6 - 2 fcfc* ±IB<E>»fcA 1 Nfc 
5 G a N t (DIM* fettA 1 N ^ I n N 0 , ^©J?^* 

#|J;U£0. 3~3. OMmt'^^o 

flPU ^Framm 7' i:±SH«ii 8^(DP^0«JE%tB^*EE^bTS5 

15 mx&&<, znzomiz&^x. mmEEm^m^i utmwn 2. wmwl 

£?izLxmmfomi 3<D±m±\zmm^titzs.m^mmi 6*s*zmEE 
20 nfommi 6<D±m±teBf&zniz±Bumi i mmi 2 m 
fct* ^Pf ^Jf^-r^»trr^-;u2 o«$nt^<5o ^113©- 

— ;U2 0 JCftttTSitibT^&o CCD$fe^^Ml 3 GD^HiSB 

7? a) 2 i*Mffi.TZo ztz. -ramni 5%.&±mmmi nt, mm 

25 SB2 1 l:^f§^M5nft^l 5a, Hat, 

.15a, 1 7 atft^S&tvmMCDtzlbOim^l 5 b, 17bm 
£<, ag^fi&l 5b, 1 7bfctJgM)8|$2 i^Et^>^}:filt^. 

iii2i:bttt, si ( i o o) mi&Mitzzommm. ztzits 
ten,* zvmttcommiiz*/ v n ^^vh-*oDte©^ssiiP^j& 

30 lfcfe©^ffl^Si:i:^T^^. S^l 2tbttt, ^co^o!)^^$e> 
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• mmtemi s^u-a*. mim^^v cs i o 2 > ^^^^t- 
zmmfom. mt^vw (sin, ) *^«^fc-r*Bi«i*K, 

fe«fc^o ^11 3©J?3fc±, 0]*.fcT2. 0/imm 0^b<ttO. 
15 Stgl 2 0D^®©Hai?^ J ?»CVD^^$n^o ifefcx *%wk:*^ 

TRfcfeb-c. TSPmni 5*«er*-;u2 0K:iD]W-c»mufcfllii*«ffl 

20 w#e*jp n aS^ (cut) &fa±-rzt^ j 5m&&$>z><> 

^m-r^M2<D^mmt. m.izs^z^rm2(D^mmtmw.i 2£<d 

JP3fct0IJAJ£5 0 — 3 0 0rxmX'$>Z> o &mfoUm 1 6l±A 1 N 
25 Ox *©J?3fcJ:0IJ*.fcrO. 5-3. OumT-&£o ±ffl!Sffil7tt, 01]*. 
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m. * v a^*^kt*^ 

m*3Ef&& -?m*/$A. T;U^^^ 
Ax ¥>\sZi~$A, )\y=-*?K. 5>y5>)\s. ?U 

tte^ A 

10 I%^^tM$tlt^^§o ±a«si KDmzumx&s 0~3 0 O n 

m T? $> o 

t§SiI*iioT^seMI®<: fc%!£5fcT&o tflJA-tef, (0 0 0 
1) J^— ElfiJlKtt, H£®fc¥firK: (0 0 0 1) ®#J&gb-C^*Bg=S:ayfc 

M&\Z. A 1 N&&*zmmLfcmm£?Z®ffiWMft<D&%iV-?i)*\i3:£ 

20 /^^m-cs«c^'ba>*aEi»-r*- ai*.^ (oood m — eeiRiiBi. bp 

cdMi— ffilnJlKte* e-2 6@ite©X*a@tf»J^T (OOOL) 

(OOOL) ®£|*©S*e— *^<0 5 965fciBU Ji?£b 

<«2%^, «e>tc*f*u<tttftmRB#^T<Dfe<o-c**. (0 

OOL)®ttx (000 1) %3\\<DM* Wt>. (0001) ®, (000 
25 2 ) Sk ( 0 0 0 4 ) ®& £<D^ffifc®&^T £^-C&<5>o 

*%B^#e>l±x IS 7 av/BI 8 K^t««© F B A R te*^T, *<0#M 

mm*. nm*mm-rz&m&mmm<Dttn. m&m. Kfttt* assist 

30 1 5t±. ^ClEDtSfil 2 fc«bT^Stl*SB«f^SJi, ®/C.n1l^ 
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mmom 2 <o±mm& * vitfosjmmvm 1 vmizmm-? 

Vfcbfco A1NII16H TH5«fil5%MbfeSfil2 0± 

10 . st*«ii©*i<DsfejiiJifc<z>inite, tammi 5*Wf&-tz2vx±<p&m 

m&£&&m#2x 1 o ii N/m 2 vLt<Dm&&±m<Dnmt*mm-r& 
ztiz&K). m&&&miz&M?zwm<Dmffiv--?(Du * . 

(FWHM) **4. 5° *Sf-e*-5]B;ffifSltt*>oS?H4<Z)«UB^ 
20 (0 0 0 2) [5|^ft: — ^©a ? • ^7— ^fldi (FWH 

©*m&±x (110) mjpi^hs mrnt¥-ftiz (no wnt 

(Mo) ^i^^t-S^^l/Tti, 99. 38%Mo-0. 5%Ti 
-0. 07%Zr-0. 0 5 % C i: ^ ^ l^^rWt ^ T Z M^. 9 5% 
30 Mo-5%ReM. 9 0%Mo- 1 0%W^ifW. ^>X^f 
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y (W) *3EJ&& bTfcfc. 95%W-5%Re^ 9 0% 

•W-10%MoMx W-Cu-Ni^^W, 

5 WA*£.mft &&*3E.m& tezzmftt-rz 
^ znzvttmit din isi^^u Kisfc^fTJc din m& 

^lbt^6. -Y V W& ( I r ) &£f£#£-f UTfcfc I r - 

p t-£#&£ , a*&<5o G£ (p t) £?&<&&£ urttP t i: 

10 Rh. I r, Ru. Pd, Au, Ni, 6>>I&£*l<5:£Jg £ 

Zi)t&Z>o & (Au) *igj7}fct^itbtf±AufcPd, P-b, 
Fe* Ni, Cu, Agfr<omi£tl&&mt<D&±ti:Z&$>Z>o 
*>A (Al) %i^7}i:t^^im Alfc4>g<DSi, Cu5r£s 
• #D£fcfct@*§£-ttfcA 1 - S i -C u&&±, Al-Si^, A lie 

15 MCMo, W^SI^^-a-fc^x Al-Cu-Mg-MnM^ Al 
-Cu-Mg-Nil^i, Al-Mg|^ Al-Zn-Mg|^ 
&t£W$>Z>o m (As) I, X It. AgfcZn. 

Al x Au, Sn, C ufy>?mittlZ>±mt:<D£i&tiiZ&&£o 

a i NMm i 6 fc#*iAflr#flBi<&if! i o&mmtvmfoMi&istizfflv 
— *a x ->';n> x 7;i^~£Afc£j£#fc fcttfb^&u 

(A 1 ) £-r2><€i&b: bttt, sufSCDA 1 - S i -Cu|^ 

Al-Si^> Al-Mo-W^s-^^s Al-Cu-Mg-Mn^ 
25 Al-Cu-Mg-Ni^i, Al-Mg^ Al-Zn- 

•Mgi^w^, t;u^^a (ad ^£j&&£T<Mb-&$o£b 
-c«\ a i Ox N y tzz&b&o (si) ^j&ftt-rzib&yo 

fcUTUSi, N, , SiNxx SiO« N, , Si0 2 tn¥&$>2>o 

mm. i 2 ^®/6it^fli5i©m2CD^sjgfccDra»c^sn*?B*^igjB 
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^;U3~£A&£j£#fcT<&-££, A7^DA=fe±^7> 

' -5c V^*S/£A (Mg) ^Mtt^itltiiMg-Al -Zn 
-Mn-&£, Mg-Zn-Zr^ M g -3Hl^7Cfit3V&£& £T#fc 
<5o (Ti) ^i^tt^fcbtttTifcAl, Mo, V, 

Cr, Mru F e a>e>j§fc£*l<5:£JI ^O-^ft (Nb) 

10 ^7}tt^tbt(±Nb-S i -T i -Fe^W§. * 
(Ta) %±^7>i:t^i:btliTatCr, Fe, Co, 
Ni, W, P -b*>e>ji«n-5^i:cD^^^^$>^o ^QA (Cr) 
^7>i:t^fel/THCrtFe. Co. Ni, M o fr&M&tl&sk 
ISfc©^£fc*r**fc*. -v'rfr (Ni) ^i^tt^ituttt 

15 NitAl, Si, Cr, Mn, Fe, Cu, Moi 1 6>jM^tl-&^M £ <D 

20 A^^^^-r^^^r^-c^^o ±£i$miii 7 £ u-c, ^e»; 

25 £ A, A^i?£A. i^l/n^ A. A7-')A, 

A, — v ^ e/ £ a t;u^-^a%^^> 

30 • ;u^±^i:-r-2>^*>6jl^n'5^M*>e>'5:'&M^2jlJ^j:m®bT'fc 
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5 mWk<DXUmmz£.K>U'fc\stz (0 0 0 2 ) \E\ift¥-i?<DU v*y? • 
— (FWHM) fcfc3. 3° ^it'feS. 
ffiiti (FWHM) **3. 3* JiLhT'&£^ k * 2 

Wd°pK#^ (cut) #{£~Fb, ^#l4*^b-t^©-ciH : *b<^^o s 

• e>ic n^>^. ^^m«p§ (fwhm) &mmz±z< kzz. t 
io g&m^SfiH^ i 5 b ty^mm^^ 1 7 b ^<op B itcm»?t>;-^^^b 

15 m£-tf£^#&£o Z<DMf$U±PkM%5£ b-Cb*>*Uffl-e£1\ :7-r;u 
^ — K r £ HI . 2 <i Jil±<DS^^ffi^*)-li- -5 & £ o 

-5c {ib. stsi2, iiftii3, ^e>^tcjE»aiim3i^i 4*mf& 

tZTZmMl 5, JE«&^tl 6 *> <fc tf ±Sim^l 7 (1 7A, 1 7 
20 B) fcfc, ±feg|7SiO f EI8iCMblte^b/ife<Di:(SHiT-*^o 

• 121 9 i±*mwiz £ 2>nm&n$kM=p<D-z ^zm<omm^m^rm^,m 
\,±. ±tm7Rzfms\z&vz£mM<Dmm*^?zfflmz&m-- 

25 *mmi\mi±. m7^xz/m s izmm<DmmmmcoE.mmmmm^ 2 
^mmvrzb<DizmmTz&nmmmmte*^?zmmmm*)i'?nw& 
m=fx$>2>o bp*>. ^11 3±mT^«^i 5. mi<DK.n&mmi 
6 - 1 , ft$e>nm 1 7 • , m 2 ojEmtmjjii 1 6 - 2 « j:tf±s&«fii 1 8 
&z<DMizmmmj&i$tix^2>o ^mmi t it, &i<DE.m&mmi 

30 6- iizM~rz± : &nmtLx<DWtM£%z2<DKMfrnmi 6-2 izn? 
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anu m^mmmn' t±^mmi stof&oMEE^mtim&tvxm 
mmmmthx&m-rzztizzK). m^w.m^wt^^^xmmm 

J^_L<D J: 5 «ffK£E«^fi? (AEmSHiyWF) tester. ^*n& 
k t 2 = #r /Tan (<fr r ) 

0 r = (7C/2) ( f r /fa ) 
15 7&S$>&o 

kt 2 =4. 8 (fa -fr ) / (fa +fr ) 

20 E)1^0 f E|2, H)3SC/ c gl4, i5S?/@6, m7RZfmS. MtHClS! 

9&tf|§I 1 0©^n^ntC^bfc1tJ34©F B ARifcttSB A RJC&t^ 

fx 2. o~3. oGHz<Dffimte&vz&mmmm.£frPkMmm$L<Dm 

' -Cttffl -T *^§IJE«±tjg^ i: u TUffl te«-f * C b < ft te * 

CUBfeffJ l ] 

30 *mmmx&. wcF<D£oizhx. mi , 2iz^tix^^mM<oE.m 
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fiP*>x g§2 50 /xm<D (10 0) S ilil 2CD±®^O f T®^, {g 
E C VD&te<k»)J93 0. 5 5um®l^>';3V (SiN x ) m*J&$L 
' bfco ±®fiJ0S i N« 3 £bfco £fc> TSlOS i Nx 

m<0MoI%Mb, 7* h »; y^57-f-KJ:9 A'* — WfcbTTOTI 
Si 5*»«bfc. TS&mffil 5©£tf:gBl 5 att¥®-**£l 4 0x16 
10 0 Mm©£JBte$5WBttfcbfc. T^ISm^l 5*«#— SfilK-C**Cfc 

x«siHi«faijs»Ccfco?®sbfe« cooMoTSPmni 5±ic, mj&wz 

m 1 iC^I-HH^^^-^^i?^ 1.55 ix m<DA 1 Ngflg&JfcJ&bfc. 

a i Nwmvmf&its mM<Dmm.*^~r2>Ai&&-£tzi±&mA 1©— bp 

' K<fc*K Al N^^m^Jf^^A^->>fbbTff*^l 6*Bf&V 

2 O 0 nmCDMoa>£>&£±g|$mii 1 7 *Wlf&htz 0 1 7 <D 

^frSPl 7at±W^l 40X 1 60 m m©J^teiSWBttfc U T£P 

20 mn^ftgfli 5 atc^r^-r^fiM^iHMbfeo 

M±o£5tevxme>titzmmft<D±Tmnmi 5, 1 7&tfjE 

mttflgl 6<DJf^^tlT^-5tJ%PMMA^T-^bx S i 1 2 CD 
T®iCff^bfcA^->ttS i N x I^X^tbt, »2 1 fcfchft 
^"£S iSfil 2cD^^KOH7K^-C^ry^>^^bTs M&fcfc 

25 *trr*-;u2 o*^b^o s 1 2©±®teji2j&s*ifctf r*— 
;uranoD^& (^ifiBP2 i (D^-m^rB:) it. 200x200 Aim-e&o 

vA±<DjLu\z&vm<bntznmfrn&m=¥- (fbar) ko^t\ xp 
30 fiffiffl^tiHix^iHi^M^^fflbTx fo^^h^-^aia^iix 
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m (FWHM) Mfe) £ (0 0 0 2) Slr^On^^.A-^ 
mm (FWHM) 8fl£fc*ff.ofc. XPS#5fr2ciC«l:D$J£bfcA 1 NJE 

5 1 6 <Dm.f&& <fc ^MISCOM^I:^ i tc^-r o 
. K^£fcQ&f!2K:^TiI9T-&ofco 

*nmmx-ii±. vxr<D£5izi,x. mi, 2J,z7jk^nx^^>mmco&m 

IP*>* 3 0 0 <xm© S i Si 1 2 (D±®R^TItC g^ffc&JCJ: 
9J?3 0. 2~0. 7 MmCD®H^^©^k^ , ; 3 > (S i 0 2 ) m*3&f& 
b/io ±MJcDS i 0 2 B&TiffiMl 3 t bfeo £tzs TMMOS i 0 2 

20 ffMbfc. 

Ttfeflil 3CD^®JC, DC^hnV^';»J;!)^ 1 5nm 
CD T i g£-£CD±CDj?£ 1 0 0 nmOP -t JBilCD^JSIjl&^J&b. 7 ;* h 
V V7?7>(— IZ£K> A^ — WfcbTTS&ltlil 5%Jf2f£bfc„ TSP«H 
1 5 <D^#S& 1 5 a fcfc^®\f-}& 1 4 0 x 1 6 0 u mCD^KSfit/^tf b 
25 fc„ TSBB^l 5*^— m\p\WkX3bZ>Z\t\&, X%%^M%\Z^ 9«£fgb 

fc„ fip-£. e - 2 eSi&Tw 79^ v*—*mz&^x. (lll)^J 
cDM^colHj#rk 0 -i>?^tt^mPfi^T. (Ill) ®cdS 

*b s -^8lJgcD0. 5%J^TT**ofc, CCDP t/T i 1 5± 

te* &mwzmi \,Z7n1rm=f&ft*&tsA l N^M^ff^b/co AlNHI 
30 ^<Z)i?$tts ^2lC^T3i9T-*^o AlN^McOJf^tt. jittc^l^ 
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5 A«^MO !, J7F^7Mfflbt, I^lOOnnKDAl^e'i^l 
gpmiil 7^ff^U/c:o ±SBSHl 7©±ftgM 7afct¥®^£l 4 Ox 

izm.wvtzo 

friz, M±(D&5\zhxmztitzM&fc<D±T&nmi 5, 17ME 
10 Iftll 6<9ff2J&3ftT^£$J&PMMA$tfli-e^b, SiSfel2© 
T®^7T^b/iA^ — Vt£S i 0 2 Jl^^X^ £ bt, M!)S15 2 1 tC^fJS 

7*-il/2 0«bfc. SiStSl 2<D±ffi&CJ£j&3ftfc£7*—;i^ 
□ (111*^2 1 69¥®\f-&) fcfc* 2 0 0X2 00 (imt^ofc. 

15 ^COXSiC^O^etlfc^EES^T- (FBAR) iuO^T. XP 

Sftytmz&<0 Al NEE«*M1 6©mj£##T^T? fc^iC 

46 (FWHM) $J£) £ (0 0 0 2) mtf()d-?0)U*,*y7 • ^7-^ 
20 Hffi (FWHM) m^.^fi^tZo XPS#ft&te<fc9$j5£UfcAlNJE 
«{*:^ 1 6 (DMm^Mte 0 . 5Atm%^tifcofe, A 1 NJE«i*;M 
1 6 0mj&# <fc ^ll1*©WflG*£m3:it 1 iC^T o 

y-fT+^jytt&mvr. ±mnmBE*#tt<Dwmi&F- 1 5 b , 1 
f^§& a i±m 2 ic^tm o -c $> o fc o 

30 5 ] 
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±t8b*s 15,17 oj&ttj&v-*m*m^rmmm 1 1 mmoxm^ 
mmvtzo Tm>mmi B\±mm^2 i\z.m&-t *5te&&x 

5 ^3¥®^?&1 2 0x2 80jtm©«©'b©kU 7fcfc-^ 
tl^ft^EFm 6 5x85m m<D^lCi£^^<D^ra 1 7 A a , 17 
B a**fHW9 2 0 jKm*;l3^TBES3*lfcfc<D*: bfc. . 

vxt<DxmteX9we>nitnmEn#m=P (fbar) ic-wc* xp 
s^js^j: o a i Nfft^ii eommftm^n ^tmc mmmmm- 
io mm^mmx%mmmm^^mvx. f^77^h^-^^ai>iix 

ipg (FWHM) «!JS) £ (0 0 0 2) @tf e—:*©n v • 
.-fifll (FWHM) aU^fcfcffofc. XPSOTCtOIUfcA 1 NJE 
mftHI 1 6 ©ifMltt 0 . 5 A -tm%5fci!T*&ojteo A 1 NJE«teHi 
15 1 ecOia^J:^^©^^*^!^^. 

±fE^EE«it^©T^s@ i 5 co^gp (ei 3, 4 x^momm^ 

ft) fcBHMSfcSttU ±g|S*^l 7A©^1 7Ab*^f^A 
*>b* ±SP«S1 TBCDJg^SPl 7Bb*>6m^#*ffi0mbT. * * 

<D»*fi»©»*jBat». **** futtttflft^tt-ct a 

25 . mmme-si 

±TSPmeil 5, 1 7 0 7 T^Ri^^ ; Sr^^'Cll»J2~4 £|5l^<£l 
30 5 0 x 3 0 0 fxmOfcMtfiCDbOt b* ±^5«@ 1 7 
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1i±*tl?tl¥-ffi^&7 0X9 0 nm<DmmiZfe^Btt<D$.fcUl 7 A a, 
1 7 B aft*R9PB2 0 Mm^^^TlBM^tlfcfeOD^ bfeo 

m±ojm\z xQmbtitznmfrn&M? (fbafd iz^x. xp 

^0MIJ^ (0-2 em^iC.fc^t&^WlJ^^Ka HUtfftf— ?<D^m 
m (FWHM) $J^) £ (0 0 0 2) InUfttf-^cpns/^;/^. 7*^ 

Mifs (fwhm) mmttt'n^tzo xpsftytmiz&KtmmistzA 1 nje 

lftI16 0if^i{iO. 5 A tm%^it^fe, AINffiM 
10 16 <Dm$L& «fc jSSIISODim^l&S? 1 o 

#) ttmrnnmizmmv. ±w>mmi 7A(d^bi 7Ab*>e»i^A 
15 h^-^r^^^^xm^^m^z/m^if^mrnvtz. &mmm&. 

20 [Jt*«l. 2] 

i, 2iz^znx^&wfe<DK.nnm#:& = F$itzi±m3, 4\z^nx^ 
zmm(Di£mmm&Mi L *ftmLtzo 
25 ^(DjimizzKfmzntzmm&n&n^ (fbar) ko^t, xp 

&wtmx%mffimw*&m{;x. y?? h*-?miz&2>mmxm\B\ 
mmm (e-2 etnimte xzfe^mmmmt k a l^m^-^^^m^m 

(FWHM) t (000 2) ®ffiV-?<DUv*>7 - *—7¥m 

30 m (fwhm) mmtzn^tzo xps&Kmzj:K>mmLtzAiNmm 
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p s^«f*T?ic«ia&«it^k*nTtt**«*«i«JputeTOtt'b**. a i 
^ ^nctt* ^uss^jjc^^^-tn^ncDia^cD- (o o o i ) sera 

cr>^%^e>ti-5o c(D7;w >;±is^fli*tettft±^Ji**wr*a<b 
7)i^~t? Amm^m^ ? * ^f—mzmm u fctB^K u „ tiw n n a 
urn* (a«) *js«»ss#tt**r©i4te#i«ii± , r*. 

25 [H«50IJ9] 

ff&^b&JCfcO, 1^350 wmCD (10 0) Sil^l 2<D± 

Tratcj?^ i . i Mmoos i o 2 m*Bj&istz'&. ±mm<Ds lo z m 

30 0**xyf-y^bt, ±iB©S i Oi IOJ¥«%0. 2 8MmiCilb 
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s i o 2 a>e>ft*ie»f*JBi 3*mmhtzo comm^mi 3<D±mz, 

D btt>XA> ^ — ^tCJ: 9J?£ 110 nm<DP t«Si ( T i 

P t/T iTBBmSl 5*JB«bte. TSB«S1 50r>£&g|$l 5 att, ¥ 
5 1 4 0X 1 6 0 jtm0&7£t<:3£W&R£ bfc 1 5# ( 1 

1 1) mfomw-bm-mfamx'&zctit. xm\E\ffimmzj:t)mwv 

. /io £<7)Pt/T iTSfil 5±iC. ll0lMft5Al-In^ 
1 tCfBm<D^#T% |S]^lC^-rm^©A 1 In y N^@jg*M£M (EE 

io mwm) *jtmvtzo t&mwt*mm\sitm&.*- Ai,. y 

T\ 110 nmfiftSIll 7 a ©¥1! \f"}£ 1 4 0x16 Ojim« 

tejfi^tt©P t/T i_L£|$m@l 7%^bfCo ±BBSffil 7<D±&g|5 
15 1 7 ate. -ram^£{fc3l$l 5 afc**J&T&&«K:ffifibfc. &tC. JM± 
©«k^tCbT#e»ny-cfll3ii*:cr)TgPm@l 5£±g|$m*Il 7fcJE«f£J]Il 
6 t<Dmf&-£iriT^2>m*7'VT? ^Xt'tll, S iStg 1 2 00 

T®teJ£J&3ftfc»3 1 . l)xm0SiO 2 JB^A^-^-V^b-CJf^b 
. fc7X^%ffi^ JH&SP2 lfc*tJ&'f*S iSIl 2<DSB#fcKOH7k 

±m<oxmizx^xmm^titzmmz^m : ^ (fbar) ko^t, 

XPSM^aOAl,-, In y N^@?Si*:»fflt<!Dffl[fiK^«f*ff^i:^ 
^-&te<fc£te^5£MI5£fc (0 00 2) |5]^e— *<zm**v^- # — 

25 ^fiflU (FWHM) aiJ^fiofc. Al,- y I n y N^@^M<0|B. 

•7-^7^^>rif— *^fflbTx ifB^JEm^^mn^ i 5b, 
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tmrnm 1 o ] 

5 ^mmmx^t. wcF<Dj:^izvxs mi , 2j,z^nxi^mm(D&m 

fiD*>x mMitmZJ:*). J?$3 50Mm© (100) S iSSl 2<D± 

Tmmizmz i . um®sio 2 m*Mf&istz'&. ±mm<os io* m 
brp t/T i~ram<ii 5*mm\stzo T$mmi scd^sbi 5 a 

fctx ¥®^T&1 4 0X 1 6 0 /am©*gJBfcifiW£tKfc bfco TSB«1S1 5 

15 ** (i 1 1) mfamm*>m-m,fomr-$>zz tit. ximmmmiz&om 

mistzo Z\(DP t/T i 5±iC, MMomj&lkMIr Z> A 1 - 

G a h £ UT, SJfrttR FY^hayXA'y^-^cJ: 

D> »3K:IB«©*f^-e, Pl^tffl^OAl,., Ga x N^ISjtftiH 

at (ffm^M) *Bffi.\stzo mmm^mmhtzu^v^y^iz^^. 

20 A 1 i-x Ga x N*H»i**il*mS©«ttK:A^-^bbTffi*i*:«l 
^3 JCfeiS<E>JP£T*£ft3i51 7 aCD^Srf&l 4 0 x 1 6 0 u 

■ m<DjejKicja^tt©pt/T i±OT«i 7*fimistz. ±%nnmi i 

25 ic, Ja±©«k^tCbr#^nfcfllig<*:<DTSB«ffil 5^±gpmmi 7£EE 
ffi 1 2<DTWlZMf$.i$ntzm-Z 1 . 1 umCDS i 0 2 JISrA^ — ~>^b 

30 /-co 
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±&<DxmteJ:vxmM'&tifcnmBEn#M=? (fbar) tc-p^r. 

XPSMStaOAl.-x Ga, N^i^il (EE«ft:|fi) <D&J&& 

^fbt—f-miizjzz&tt&mfet (0002) 0*ftr-^©ay^f 
5 ■ *-7¥mm (fwhm) mm^n^tzo m-, Ga, n^@^ 

7-?T+z>^-tf-*mmi;X. ±iEmmf£m^m : ¥-(Dmmm : ¥- 1 5b, 

[HSS0IJ 1 1 ] 

15 *^mmxi*, ixT<D&oi,zLx, ms, 4iz^tix^^mM<DE.m 

SP*>* ~ram*i 1 5 l±MW}ffi2 1 te5ttfET*«tt*-&tr A3 ic^tfTi^ 

<5¥® \f-& 1 2 0x2 80m mCD^t^CD fe<D £ £ft, ±8BW8I 1 7 
tt^aVP®^ 6 5 x 8 5 At m<Dmmz&^Mtt<D^&ffi 1 7 A a , 17 
20 B a#RgH5 2 0 Atm^^^TSBa^n/ifeCD^^n, U:ft»#:I13, 

TawMsi 5, ±a$m«i 7a^Etft«i 6 ©s^ 

3&tf^4te^£4T,T^££9fc£ftfccm^fctx USS^Jl Oi:|l]^<D 
3 lC?xt, 

T, ±SB»0EEW^tg^ ©TOTS 1 5©$8B^B (El 3, 4T-;£flliJ©S£ii 
30 A*Jb, ±SPm^l 7 B<7>$ft^8&l 7 B b^^tB^m^-^iRO tBL-Cx 
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Miifit, x&v^wm&n&mQ.tt&ibtzo m^>ntzs.mmm^m 
mmm i 2 ] 

^mmmvit. \>xt<d&^\zlx, mi, 2K^nx^^m^<Dmm 
10 r tfttw^mjUL&m 3 4 k: ^ £ nr * <fc 5 k: £ n& e t vxk 

15 3 tC^To 

fa (ommmfrbs t^ta^Mk t \ mi&2m^hh4t, ^.ttm 
mm&nmLQ.*^ti>tzo n^nrz&mmm^m^m^mmom^m^. 

20 ^r^4 {CtfTo 
[£ffi0!l 13] 

*^Sg^iJr-{±, t>lT<£><fc ^ LTx HI, 2i£^<**lT^£}§igc7) J EE« 
fiP*»x ^11 3, TSPm^l 5, ±g|5m^l 7^C5fflMl 6c7) 

25 . jp $ & tmst ^mmm sRvmAiz^ztix^z&otzzntzztvxft 

3 tC^To 

30 n«u 2 £mmizvxmtz&Mffl%i$$[f r «<fccfs^^«» 
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5 [£ Jfcffll 1 4 ] 

fiP*>. IBttttJI 1 3 , TB&SH 1 5 . ±^mm 1 7acfJE*i*:« 1 6 CD 

m ^Rzfum^mmm 3 sz/^ 4 tc^ s nx ^ -5 * 5 \z £ c ^ \m. 
10 o\ 0 hnm<DjLm*m.ft\;tz 0 

mmmi otnm^x. m*>titzmmvmm (ei^d ommfttir 

3 ic^To 

^^4{c^-r 0 
mmm 1 5 ] 

20 *mmmxi±. vxr<D&o\zhx. ms, 4ic^tix^^>mm<D&m 
' mm&M?*ftmistzo 

iitu 3. TB^mmi 5, ±mmmi 7RVEEmfcmi s<d 
m £ r zfun^mm^m 3 4 ^ <* nr ^ £ ^ ic $ nfc c ^ 
ttx nsg^ji 1 tmm<Dx.m^mnvtzo 

3 ic^-fo 

30 wm&mm*iQ.*^ttorz 0 me>titz&nmm&M=p<Dm&Mm<Dm*mwi 
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4 2 

immm i e ] 

mmmi 1 ^iBUntcb-c, #e>nfe@^^ (ee«mi) vmrnfrm 

3 iC 7j\ "3* o 

fa o^ij^M*>e>^ mmmm^m^ *\ mte&iBmft&'c* 
15 v^tti^ftftkt 1 , aiimajt^ti & xzfmww&nmkQ 
mmmi 7] 

«#WP*fH»bfc, 
20 IP*>, Jfe^Ml 3, TflMMSl 5, ±»1S1 TS^Etftll 6<Z> 

j? s r zfttw^mm&m 3 4 \z ^ 3 nt ^ & «t -5 s n tz z. t. ^ 

H»U1 2 fcPH$©HI*||fTbfco 

25 3 lC^t„ 

HS&#IJ 1 2 £ IBJUliC b X'&tz£<Mfflr&.$$L f r «J:Cf^M«[» 

30 ' &S!4 JC^To 
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mmm 1 8 ] 

5 m zRvum.^mmm 3 4 tc^s nr ^ * £ 5 s n ^ c £ j^a- 
.xtt&u summer. me>ntzmm&mm (Em&m) (ommavr 

3 iC^To 

15 [J±^J3, 4] 

XHMtm-eiA* JiTRD<fc? KbT. Hll, 2*fcl±EI3, 4{CiSJlT 
^ -5 flt jtt © EEWMt^lB 1 ? * fi^S b tz o 
BP"£* Al,-x Ga x NiWII^diM,-, I n y N^Sift 

20 $b> ii#n 3, Tsmrai 5, ± : mmm i 1 eorn 

±E<Z)XeK:J:or»jt«tlte»l»£E**iB : P (FBAR) teowc,' 
. X P S#3fc&K: J: 0 A 1 N*«©fi^d«f*ff ^ fc^te* I®ij§ffiffi 
25 ^l»g|X|»l51^a%ffifflbr, x-f 75^ h*— ^teJ^te^St 
SlJ^fc (0 0 0 2) |5|fiftf-^©ny^v^. (FWHM) 

mm o ^ „ x p s <fc o $ij5£ b & a i n nmomm^mit * 
m3fc7ji'?m<ox-&-?tzo mmm9£tz\i±mmmi 6tmm<Dn^X'^n 

Wm*ft'?tz<DX&Z&. AlN*R©ffiR**I^aSHi:, XPSMif 
30 tCM*^{b$tlT^S^WS* s iiinbfcPTtl144)$>^o A 1 NiHjgt<D$£|| 
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©MttflSte&S^ 7 -f ;u*-»:igffl bfc«£te8\ ##Wp°dK#^ 

15 [XM19] 

IP*>* &&ft&te<fcD, j?$3 5 0Atm(D (100) S ilH 2<D± 

Tmmizmz 1 . 1 wm®s i o 2 ji^jf^brc^ ±mijos i o 2 s 

20 • OM^ffV^btv ±®0>S i 0 2 ®<Dj?£$:li^b, Si0 2 *>e> 

m*)m7i,ztm<Dmzm*m?zmmfomi 3*Mj&vtzo zommfom 

1 3 0T>±®&C, DC7^hOV • X A * mz «fc 0 , S^6Onm0 
Auill (H2<D;£jgJf ) 43J:tfJ¥£ 15 0 nmOOMo^Mil (^ 1 <E> 

25 t, Mo/AuTpUtil 5 Wbfco 5CDiMl 5 a 

lit. ¥®^m i 5 0X 1 7 0 Mma>Jg^JCj5V^ttfc bfco AuiII*s 
(111) IBftM> IP*>^-@HIS]MT-$>D, MoiH^ (1 1 0) Efa 

gp*>^— ffiifijiT^sctn, xm®ffifflmiz&Dmm[siz. z\<d 

Mo/AuTSBWSl 5£J£J&b/c:gtSl 2±iC, fcfcjg 5 N<E>^ffiA 1 ^ 
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. 1 6 Jgr^mUfc. 

5 1 9 0 nm-C££rai 7 a<E>¥®\fi£l 3 0x 1 5 0 umOfcBlZfo 

Tspmsi^sis i 5 aizttfo-rz&wizmmisfzo mz. &.±o^^izv 
r#6iifc«5g(*:©T»wB i 5 t±mmm 1 7 ^EEV^m ist<o^ 

10 J&£*lfcjp$l. 1 jumCDS i 0 2 Jf&A^ — ^ V^bT^bfc^A^ 

x p sfr%mz& vmzntzA 1 n^m (jEm^M) ©iw»«r*ff ^ 

* — &K:J:*l& : F£»ffl!J£fc (0002) |5|#ft:-^cDny^v^.- 

* — ^fflU (FWHM) ?flJ5£%fTofco A 1 Ni*M©*ai££<fctf*§iM4 

20 *7—*y+5>(ir—*:&mvx* ±m<DMmj±w&M z F (fbar) on 
mm=?i 5b, 1 7b^<D^ytr— ^y^^mmt^tmz. &mm 

j:tf#»w,s«^&Q*#©fc. »e>ftfcs*i£EEm#s : F©iM^«j©e 

*JS«Bu «*««IS^*»kt«, ^«fc^W#^a D pK^a^^7tc^ 
25 i" 0 

[HSfe0l|2O] 

*5ISS0l]-efcJ\ UlT©<fc?tebT> El 7&tfH8 \Zmi$ tlX ^ 2>MM<D 

mmsm^m^i^m u fee 

IP*>x HWJl 9 ^IliacD^iC^O. SiOa 1 3 

30 ZmfltlstZo CCOiiftll 3©±®JC, DCV^hny.^ty^- 
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h V V^?* — te«fc9 Xf — yfcLT. Mo/P t/T i TSBBH 1 5 
*J£J& b fco TSGBli 1 5 ©i^gp 15aH ¥® \f-& 150X170/X 
5 m©^JF2K:iS^t££ bfc. Pt^H^ (111) m—ffifamX'&r). 
Mo^il^ (110) E|nilirc*.5Cfcfcl\ X^tel^TM^tCJ; 0«t 

• Mbfco c©Mo/pt/TiTwmai 5*jB«bteai«i 2±»c. m 
mmi 9 tmm<onmz^r). ss^iii 6&j&j&bfc. -e-©^ dc 

10 ®Tf&l 3 0X 1 5 0 MmCD^mifi^^cDMo/P t/T i 

15 feaicBBabfco mz. mmmi 9 tmmvmmz&r). ^mtKzvr 

XPS#5fe£fcJ:0*#6ftfcAlNi3Ifil (JE*i*^M) cDffi^«f*tr^ 

20 *-&fc«fc*teT£»fcl£fc (0 0 0 2) IaI»Ttr-^©ny#>^. 

*—7¥mm (FWHM) aj^ifroteo AlNl)i<D|M^J:^ B B B tt 

7 — *7«-f1f— fctefflbT, ±§B<?)^jEm^ : F (FBAR) <DW 

25 i«?i5b, 1 7bBB©-r>e-^v^«ftt*S!iffi-r*fc*K: % 

1-0 

30 mmm2ii 
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m*>. mmmi9tmm<ommzx<o. s i o 2 *>6>j$*£te{*jii 3 

*^Ufc. C<03ie»i*:JBl 3©±®iC, DC7^hnV-XA^- 

2<D^M)1) StfMo^JgJl (2! 1 <E>#JIJf ) *c©)HSfcJ&j£U. 7* 
h 9 y^^-f—lCfcO rtf — VitlsT, Mo/Au/T i TSB«S 1 5 

*mmi,tzo T^mmi 5<o±fo%$i 5 att, sfw&i 50 x 1 7 0 u 
mom&Kmtwtfitistzo Au&mm* i (m) *-EfiiK-e*iK 
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